Tollen’s Test for Aldehydes

Aldehyde

Procedure
Add one drop or a few crystals of unknown to 1 mL of the freshly prepared Tollens reagent. Gentle heating can be employed if no reaction is immediately observed.
Tollens reagent: Into a test tube which has been cleaned with 3M sodium hydroxide, place 2 mL of 0.2 M silver nitrate solution, and add a drop of 3M sodium hydroxide. Add 2.8% ammonia solution, drop by drop, with constant shaking, until almost all of the precipitate of silver oxide dissolves. Don't use more than 3 mL of ammonia. Then dilute the entire solution to a final volume of 10 mL with water.
Positive Test
Formation of silver mirror or a black precipitate is a positive test.
Complications
· The test tube must be clean and oil-free if a silver mirror is to be observed. 
· Easily oxidized compounds give a positive test. For example: aromatic amine and some phenols.
Cleaning up
Place all solutions used in this experiment in an appropriate waste container.
Oxidation by Tollen's reagent  

1. Using a graduated disposable pipette, place in a clean (new if possible) test-tube 3 cm3 of silver nitrate solution and 1 cm3 of sodium hydroxide solution. 

2. Add aqueous ammonia solution drop by drop, with shaking, until the precipitate formed in stage 1 is just dissolved. 

3. Add two or three drops of ethanal, mix by shaking and warm in a water bath.
4. Put about 1 cm3 of 0.05 M AgNO3 into a very clean test-tube and add 3-4 drops of sodium hydroxide solution. 
5. Drop-by-drop, add ammonia solution until the precipitate of silver oxide nearly dissolves (do not try to get rid of all the little black specks of silver oxide). 
6. Add 1 or 2 drops of ethanal, shake the tube gently and place in a beaker of warm water Note your observations and immediately rinse out the test-tube.

A. With acidified potassium dichromate (VI)

· Into a test-tube, put 5 drops of ethanol,  2 drops of potassium dichromate (VI) solution and 10 drops of dilute sulphuric acid.

· Shake the tube gently and warm in a beaker of hot water. Note your observations.

Using acidified potassium dichromate(VI) solution
A small amount of potassium dichromate(VI) solution is acidified with dilute sulphuric acid and a few drops of the aldehyde or ketone are added. If nothing happens in the cold, the mixture is warmed gently for a couple of minutes - for example, in a beaker of hot water.

	ketone
	No change in the orange solution.

	aldehyde
	Orange solution turns green.


The orange dichromate(VI) ions have been reduced to green chromium(III) ions by the aldehyde. In turn the aldehyde is oxidised to the corresponding carboxylic acid.

The electron-half-equation for the reduction of dichromate(VI) ions is:
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Combining that with the half-equation for the oxidation of an aldehyde under acidic conditions:
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. . . gives the overall equation:
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Using Tollens' reagent (the silver mirror test)
Tollens' reagent contains the diamminesilver(I) ion, [Ag(NH3)2]+.

This is made from silver(I) nitrate solution. You add a drop of sodium hydroxide solution to give a precipitate of silver(I) oxide, and then add just enough dilute ammonia solution to redissolve the precipitate.  To carry out the test, you add a few drops of the aldehyde or ketone to the freshly prepared reagent, and warm gently in a hot water bath for a few minutes.

	ketone
	No change in the colourless solution.

	aldehyde
	The colourless solution produces a grey precipitate of silver, or a silver mirror on the test tube.


Aldehydes reduce the diamminesilver(I) ion to metallic silver. Because the solution is alkaline, the aldehyde itself is oxidised to a salt of the corresponding carboxylic acid.
